Objective: To assess the feasibility of conducting a randomised controlled trial of a home-based virtual reality system for rehabilitation of the arm following stroke. Design: Two group feasibility randomised controlled trial of intervention versus usual care. Setting: Patients' homes. Participants: Patients aged 18 or over, with residual arm dysfunction following stroke and no longer receiving any other intensive rehabilitation. Interventions: Eight weeks' use of a low cost home-based virtual reality system employing infra-red capture to translate the position of the hand into game play or usual care. Main measures: The primary objective was to collect information on the feasibility of a trial, including recruitment, collection of outcome measures and staff support required. Patients were assessed at three time points using the Wolf Motor Function Test, Nine-Hole Peg Test, Motor Activity Log and Nottingham Extended Activities of Daily Living. Results: Over 15 months only 47 people were referred to the team. Twenty seven were randomised and 18 (67%) of those completed final outcome measures. Sample size calculation based on data from the Wolf Motor Function Test indicated a requirement for 38 per group. There was a significantly greater change from baseline in the intervention group on midpoint Wolf Grip strength and two subscales of the final Motor Activity Log. Training in the use of the equipment took a median of 230 minutes per patient. Conclusions: To achieve the required sample size, a definitive home-based trial would require additional strategies to boost recruitment rates and adequate resources for patient support.
Introduction
Approximately 70% of patients experience impaired arm function after a stroke, and it is estimated that 40% of survivors are left with reduced functioning in the affected arm. 1 There is now strong evidence from high-quality trials to support intensive repetitive task-oriented training for recovery after stroke. 2 Recent studies 3 have found improvements in patients as much as 6 months post stroke, long after they have been discharged from any formal rehabilitation. Consequently there is a need to find the best way to support survivors once they stop accessing formal services. 4 One route through which this may be achieved is the adoption of virtual reality and interactive video gaming which have emerged as new treatment approaches in stroke rehabilitation. 5, 6 The emergence of commercial gaming consoles has led to their adoption by therapists in clinical settings. 7, 8 These consoles have the advantages of mass acceptability, easily perceived feedback and most importantly, they are affordable. A disadvantage however, is that the games are not specifically designed for therapeutic use and while the games encourage movements of the arm, none capture sufficient information about the position of the fingers to be useful in the rehabilitation of the hand.
We developed a low cost home-based system for rehabilitation of the arm and hand designed to be flexible and motivating in order to improve adherence. Given the home-based, self-directed nature of the intervention and the introduction of new technology, a feasibility randomised controlled study was carried out in line with the MRC Framework for Complex Interventions. 9 In preparation for an evaluation of the effectiveness of the intervention, the feasibility randomised controlled study aimed to answer the following questions:
• • Can we recruit patients?
• • Can we collect outcome measures?
• • What sample size is indicated by the outcome measures collected? • • How much researcher and therapist support was required?
Methods
Ethics approval was obtained from the local NHS Research Ethics Committee: Nottingham Research Ethics Committee 1 (reference number 10/ H0403/72). The trial was registered with the National Institute of Health ClinicalTrials.gov protocol registration and results system: registration number NCT02637791. The design adopted was a two group feasibility randomised controlled trial comparing the intervention with usual care.
Patients were recruited who were aged 18 or over, with a confirmed diagnosis of stroke, no longer receiving any other intensive rehabilitation (intermediate care, early supported discharge) and who still had residual impairment of their arm. Patients were excluded if they had no detectable movement in the arm; premorbid disability in arm function; severe symptomatic arm or shoulder pain; severe visual impairments; other neurological conditions such as head injury or multiple sclerosis; an unstable medical condition; psychiatric illness; epilepsy triggered by screen images; cardiac pacemaker; were unable to tolerate sitting in a chair for 30 minutes; unable to follow a two stage command or were living in a care home.
The initial recruitment plan was to identify patients from the inpatient stroke unit and outpatient rehabilitation service. They were receiving on average a combined number of between 80 and 100 new referrals per month during this period. The therapists on the wards were briefed on inclusion and exclusion criteria and provided with demonstrations of any assessment procedures if required. For example, in order to determine if there was detectable movement in the arm the Medical Research Council power scale 10 was used. Additionally, therapists were briefed on the procedures for gaining the patients' permission for the research team to contact them.
However, in spite of weekly visits by a member of the research team to the wards, only one potential patient was referred to the research team. Consequently, efforts were focused on the three regional community services who worked with patients post discharge: the Stroke Outreach Service, the Early Supported Discharge and the Community Stroke Teams.
For those who met the inclusion criteria, informed consent was obtained and baseline assessments were collected during a home visit prior to randomising the patient to the intervention or control group. Randomisation was managed by a research administrator who held a web generated list for a two group randomisation sequence which was concealed from the researchers. The researcher who had collected baseline data phoned the administrator to discover the next unallocated number on the list to determine whether the patient would be allocated to the intervention or control group.
The intervention (the virtual glove, see Supplementary Figure) consisted of a handmounted power unit, with four infra-red light emitting diodes mounted on the user's finger tips. The diodes were tracked using one or two Nintendo Wiimotes mounted by the monitor on which the games were displayed to translate the location of the user's hand, fingers and thumb in three dimensional space. The intervention was developed based on motor learning theory and aimed to increase the number of repetitions of functional movements, whilst providing games that were challenging with feedback on performance. This is because increasing repetitions alone is not sufficient to drive neuroplasticity, 11 with shaping (small steps of increasing difficulty with immediate feedback on performance) also known to improve recovery. 12 Three games were produced specifically for the project with the help of therapists and stroke patients. 13 In order to play them, users had to perform the movements of reach to grasp, grasp and release, pronation and supination that are necessary fort many activities of daily living. Spacerace required pronation and supination of the hand to guide a space craft through obstacles. Spongeball required the user to open their fist and extend their fingers in order to release a ball to hit a target. Balloonpop required a balloon to be grasped and popped by moving it to a pin protruding from the virtual floor. They were designed to be constantly challenging, with increasing levels of difficulty dependent on ability. This was in order to maximise motor learning and to keep the patients motivated to continue to use the system while ensuring they could achieve some success. Immediate feedback was given by scores displayed on the screen at the end of a game and a permanent visual display of scores and levels played. Difficulty was increased by greater movement being required to complete a task, an increase in the speed at which events occur and with which responses are required, or an increase in the precision required to complete a task. A log of when the system was in use was stored on the computer, as well as what games were played and what scores the user obtained.
Patients in the intervention group had the virtual glove in their homes for a period of eight weeks and were advised to try to build up to using the system for a maximum of twenty minutes, three times a day, for eight weeks. As the system worked on detecting position of the fingers in the glove and not the movement of the wrist, elbow or shoulder or sitting posture, it was important that a therapist provided initial instruction and subsequent ongoing support. The intention of this was to maximise use of the intervention and to reduce unwanted compensatory movements. Patients in the control group received only the visits to collect outcome measures.
After four weeks, all patients were visited at home for completion of the midpoint outcome measures. It was not always possible to ensure the researcher was blind to the allocation of the patient at this time as the equipment was sometimes visible and the patient might make reference to it. All patients still in the study completed final outcome measures at eight weeks post randomisation with a blinded assessor, once the equipment had been removed from the patient's home. In order to minimise variability between raters, they underwent joint training sessions to gain an agreed level of competence in the procedure and administration of the outcome measures. This included practicing the administration on the patient representatives on the project steering committee.
The following outcome measures were collected at baseline, four weeks (midpoint) and eight weeks (final).
Wolf Motor Function Test. [14] [15] [16] [17] This produces an average time in seconds for a number of timed functional arm movements plus grip strength in kilograms.
Nine-Hole Peg Test. [18] [19] [20] Motor Activity Log. [21] [22] [23] Individuals are asked to rate Quality of Movement (QOM) and Amount of Movement (AOM) during 30 daily functional tasks. Items are scored on a 6-point ordinal scale. For this study, the number of tasks attempted were also recorded.
Nottingham Extended Activities of Daily Living Scale. [24] [25] [26] For the intervention group, the frequency of use of the glove was collected by the software. These data are reported elsewhere. 27 For those assigned to the intervention group, three procedures were put in place to encourage the use of the equipment at the recommended duration and frequency.
First, considerable face to face support was provided. The physiotherapist or occupational therapist from the research team delivered and set up the equipment. Based on the patient's ability, the therapists drew up a sheet for each individual advising them what games to start with and at what level. The glove and games were demonstrated to the patient and their carer and they were then trained on how to use the equipment independently. The researcher then arranged to return to repeat this demonstration until they felt that the patient had understood how to use the glove or that there was a carer who understood how to use it. The researchers also provided phone support to check the patient had been able to use the equipment and to offer further visits to clarify any queries. After the initial setup and training period, a member of the team visited either weekly or fortnightly, depending on the level of support required, to check progress and retrieve data. There were no limits on the number of visits per patient.
Second, patients were provided with a phone number on which a member of the research team could be contacted during working hours if they needed any advice or if the equipment failed. Third, they were provided with an instruction manual that included Frequently Asked Questions and troubleshooting tips.
Total scores from the four outcome measures were analysed using IBM SPSS Statistics.
Results
Over a 15 month period, only 47 patients were referred to the research team. During the recruitment period, combining the numbers for the three community services indicated that of new referrals an average of 49 patients a month was being referred to the three community services which became the sites for recruitment. Using a conservative estimate of 40% 1 with persistent impairment in the affected arm, the potential pool of patients would have been approximately 274. This represents a referral rate of approximately 17%. Numbers followed up and reasons for dropouts are shown in Figure 1 .
Consent was obtained from 29 (62%) (see Figure 1 ) of whom 12 were referred by the Stroke Outreach Service, 16 from the Community Support Team and Early Supported Discharge and 1 from the outpatient rehabilitation service. Two withdrew prior to randomisation. The characteristics of those randomised are shown in Table 1 . For those in the intervention group (n = 17) a significantly longer time had elapsed since their stroke than for those in the control group (n = 10). There was no significant difference between the groups on any of the outcome measures at randomisation.
Summarised data for outcome measures for those patients who went on to complete midpoint outcome measures are shown in Table 2 . For each outcome measure, results are shown for two groups of patients: first those who completed outcome measures at all three time points and second for Taking the Wolf Motor Function Test as the primary outcome measure, it is possible to calculate sample size for a comparison between the intervention and control groups on final outcome measures. To detect a difference of 1 second (the published Minimal Detectable Change based on a 95% confidence interval being 0.7 seconds) 16 with a probability of 0.05 and 80% power (effect size 0.314) using a two tailed Mann Whitney test, 38 patients per group would be required. Taking into account the time it took to recruit 27 and a 67% retention rate at the collection of final outcome measures, 114 would need to be randomised. If it took 15 months to recruit 27, this would take approximately 63 months if recruited at the same rate.
Those in the intervention group received a total of 78 (median per patient = 4.0; minimum = 3.0, maximum = 14) visits from the research team in addition to those that were solely to collect outcome measures. Two patients (04, 13) received more than 10 visits in addition to those solely to collect outcome measures, but this could be explained by the need to resolve technical problems. A total of 92 hours 45 minutes (median per participant = 6 hours 10 minutes; minimum = 1 hour 20 minutes; maximum = 18 hours 10 minutes) contact time from the researchers was spent on delivering the intervention to patients. Table 3 breaks this down into different categories of researcher activity. Training in the correct rehabilitative use of the equipment and resolving technical issues accounted for a considerable proportion of the time spent in homes by the researchers.
Discussion
In terms of the first and third aims of the study, recruitment rates were so low that an impractically long recruitment period would be required to achieve the sample size indicated by the outcome measures. This was in spite of broad inclusion criteria and working closely with staff at the stroke unit and from three community teams. Approaching patients before discharge from hospital does give access to a larger group before they disperse to a wide range of services. However, at this early stage of their recovery it was difficult to determine which patients would recover enough movement to play the easiest level of the games and for staff to know which patients would meet inclusion criteria in terms of having no further intensive rehabilitation. Another challenge is that, on stroke units, rehabilitation studies compete with acute medical studies for recruitment.
An advantage of recruiting from the stroke unit is that there were dedicated staff to promote recruitment to studies. This was not the case for the community teams so more time was required from the research team for recruitment especially to make sure that referrals to the team did not exclude potential participants. Once data collection had started, time for liaising with the community teams was restricted.
There was a higher level of drop outs from the intervention group than in the control group where only one of those randomised was lost after completing midpoint outcome measures. Reasons given concerned factors that would have affected the use of the intervention but were not necessarily specific to this particular form of intervention. For example, physical ill health prevented its use or the patient was absent from home. Interviews with the intervention group after final outcome measures were collected 27 also highlighted the role of ill health as well as competing commitments in using the intervention to the recommended level. However, both of these factors would affect any unsupervised, home based intervention for arm rehabilitation. Analysis of the interviews also suggested the possibility that the patients recruited were those who were more likely to be trying to return to their prestroke life, and attempts to return to work or other activities away from the home precluded the recommended level of use of the intervention. Obviously the reasons given to the research team may not have been the true reasons for dropping out and it is possible that the intervention itself may have been the reason for the high loss to the intervention group.
With such a small sample and considerable variation in outcome measures, it was only possible to detect differences on three outcome measures but these results give no reason to drop any of the outcome measures if planning a definitive trial. The variation is unsurprising given the deliberately wide inclusion criteria as during the development of the equipment 13 it was only possible to gain a limited indication of which patients would benefit from the intervention. Although a small number of patients were unable to complete the Wolf Grip strength test and Nine Hole Peg Test at baseline this inability did not stop those in the intervention group from continuing with the intervention for the full eight weeks and one was able to complete the Wolf Grip strength test at midpoint data collection. However, the between group differences in change from baseline at final data collection detected by the Motor Activity Log suggest this is a useful addition to the battery of outcome measures and may indicate improvement before any improvements on tests of functional ability. Future research may indicate whether the Motor Activity Log might be mediating any improvement in functional ability in a home based self-directed intervention.
The intervention did require a considerable level of support from the research team. However, this is predictable given the complexities of delivering a novel intervention in a community setting and the fact that some of the patients had complex stroke pathology (cognitive issues, sensory disturbance) and thus demanded more support. The intervention was at prototype stage and the support required to deal with technical issues will diminish as the technology evolves. The team included three experienced members of staff supporting patients but in future, costs could be reduced if the initial assessment is carried out by experienced staff with trained support staff providing ongoing support. The study suffered from limitations in terms of sample size, the difficulty ensuring that midpoint measures were carried out blind and in the low use of the intervention by some patients. 27 However, the evaluation of home-based technology for rehabilitation post stroke poses challenges not seen in other evaluations. These need to be considered in the design of future studies.
In conclusion, this feasibility study found that recruitment rates were so low that an impractically long recruitment period would be required to achieve the sample size indicated by the outcome measures. In spite of considerable variation in outcome measures, a significantly greater change from baseline in the intervention group was found on the Wolf Grip strength at midpoint and two subscales of the final Motor Activity Log. The median number of visits from the research team to those in the intervention group was four with training in the correct rehabilitative use of the equipment and resolving technical issues accounting for the majority of the time spent in homes by the researchers. To achieve the required sample size indicated a definitive home-based trial would require additional strategies to boost recruitment rates and would have to include adequate resources for patient support.
Clinical messages
• • To ensure satisfactory recruitment to community based trials, criteria given to those who are referring patients need to be very broad with the research team carrying out the final selection at the appropriate time . • • Therapist support should be factored in to any home based, self-directed technology intervention.
